Raman Spectra of Cadmium B orate Glasses as a Function of Temperature by Khanna, B N & Dwivedi, B P
imlian I  Phys. 6 8 A (3), 279 -  284 (1994)
U P  A
~  an international joumai
Ram an spectra of cadmium borate glasses as a 
function of temperature
B P Dwivedi and B N Khanna
Department of Physics, Aligarh Muslim University, Aligarh'202 002, India 
Received 18 November 1993, accepted 1 February 1994
Abstract : Investigation of cadmium borate glasses as a function of temperature has been 
carried out using Raman scattering technique. With the increase of temperature of the glass samples 
above the room temperature, the network of boroxol ring is broken into randomly connected BO i^ 
and BO4 tetrahedrals. At jc = 0.80 concentration of CdO in ViB2Q)f the cadmium ions take pan in 
the formation of linear polyhedron chain which is very sensitive to the temperature and thus the 
decrease in intensity of the Raman bands has been observed in the region 300-1600 cm ' os the 
temperature is raised to 4(X)‘’C
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Tile structural changes that arise in the network of V-B2O3 when cadmium oxide is introduced into it has been extensively investigated [1]. The role of CdO is quite different from alkali oxides [2-5] in the borate glass. The Cd ion generates a weaker network structure due to the enhanced creation of non-bridging oxygens (NBO's) compared to alkali ion in borate glasses. This might be the reason of lowering of the glass transition temperature (Tg), with rise of concentration of CdO in cadmium borate glasses. The Raman scattering studies of alkah borate glasses in the system xR2 0 .(l-x)B2 0 3  (R = alkali ion) show that the process of transformation of boron from 3- to 4 -coordination persists forx  ^0.33. A further increase of concentration of alkali oxide in the borate glass results in the decrease of the number of borate rings, which has been related to the formation of non-bridging oxygens for concentrations r > 0.33. Hdwever in the case of cadmium borate glasses [l]i the process of transformation of boron coordination prevails even upto x = 0.50 concentration of CdO on v*B2p 3 together '^ ith the formation of groups containing non-bridging oxygens Le. pyro-, ortho-, ring and chain type metaborates etc. Thus, the conclusion that the formation of non-bridging oxygens© 1994 lACS
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decreases the number of borate rings does not seem to be valid in the case of cadmium borate 
glasses. In order to know the effect of temporature on the network of cadimum borate glasses 
containing large number of NBO’s, we have carried out the temperature dependence 
investigation on the system JcCdO.(l-x]BiC>3 for jr m 0.20, 0.50 and 0.80 in the temperature 
range (23-400®O.
The method followed for the preparation of glass samples has been described 
elsewhere [1]. The Raman spectra were recorded on a standard system consisting of the 
Spectra Physics argon-ion laser using 514.5 nm as the exciting line at 800 mW power, a 
Jobin Yvon Ramanor U-1000 double monochromator with holographic gratings and a photon 
counting system. We were able to obtain a good quality Raman spectra in the region 300- 
1600 cm~' in the conventional right angle geometry.
The effect of temperature on the network of cadmium borate glasses tan be seen by a 
rapid change in the Raman spectra with the rise of temperature. It is a welhestablished fact 
tlmt the structure of v-B 2P3 consists of a random network of the boroxol rings\B^ 5  and BO3 
triangles interconnected by B-O-B linkages. Galeener et al [61 have discussed\ the vibrational 
decoupling of the rings from the rest of the network, which gives rise to the^  anomalously 
narrow peak in the Raman spectra at 806 cm"*. This peak has been assigned to the symmetric 
breathing mode of the boroxol ring. A recent theory [7] using the Bethe lattice approximation 
uses the contention that this peak is due to the breathing mode of the planar boroxol ring 
(\>2 in Figure 1).
Figarc 1. VibraUanaliiiodes of planar boroxol ring.
Walrafen eio/ [8] have shown that for v < B t h e  number of boroxol rings remains 
constant as the temperature is increased m glees transition temperature Above 7*^* 
boroxol rings are broken and randomly connected BO3 triangles are immeii A similar 
conclusion was drawn in the study of alkali borate glasses by Soppe etal [9]. They concluded
that the structural groups which give rise to the Raman bands at 806 cm-  ^ and 770 cm**' ♦ 
apparently arc very stable and remain intact as long as the temperature of the melt is below 
The dissociation of these groups above T^ , results in the formation of randomly connected 
BO3 triangles and BO4 tetrahedrals. The room temperature Raman spectra of cadmium borate 
glass in the system xCdO.(l^x)B203 is shown in Figure 2, while the temperature dependence 
Raman spectra for x — 0.20,0.50 and 0.80 in the temperature range 23—4(X)°C are shown in 
Figures 3-5 respectively.
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Figure 2. Room temperature Ramon spectra of cadmium borate glasses in the system jcCdO,- 
(I -  jt)B2 0 , for (0.20 S jr $ 0.80)
The room temperature Raman spectrum of cadmium borate glasses at x » 0.20 
concentration (Figure 2) shows a strong band at 805 cm"* with a shoulder at 776 cm ^. The 
805 cm”* band corresponds to boroxol ring while 776 cm”* to boroxol ring containing one 
BO4 tetrahedra (f.e. di-, tri- or pentaborate groups). With the rise ot temperature (Figure 3), 
ihe intensity of the 805 cm”* band decreases along with its shift to lower wavenumber, while 
the intensity and position of the 776 cm^ band remains nearly constant. At 400®C, the 806 
cm”* band appears as very weak band with diminished intensity. Tliis feature indicates that 
the rise of temperature of the glass sample results in the destruction of boroxol ring.
The weak band located at 480 cm"' shows a marked change in its intensity and 
position as the temperature is increased (Figure 3). At 200°C, this band is split into three 
bands located at 480,500 and 540 cm”* while at 300®C, two of them disappear and a single 
sharp band located at 500 cm”* remains. With further increase of temperature, this band is 
iliminished in intensity and at 400°C only a very weak and broad band remains.
It may be pointed out that for pure V-B2P 3, a weak band is observed at 505 cm"* 
'^hich corresponds to  the mode 03 (Figure 1) where the boron and oxygen atoms move in
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phase [10] w hile the w eak band at 465 cm"* has been assig n ed 'to  a bending ipode of the
Figure 3. Temperature dependence Raman spectra of cadmium borate glass in the system iCilO 
(l-*)B jO , forA =0.20,
Fiaorc 4. Temperature dependence Raman spectre of cadmium borate glass In the system sCdO- 
(l-x)B20jforA = 0.50.
bending mode of BO4 units that is attached very weakly to the ring type structure. As the 
temperature is increased, BO4 units are detached from the ring type structure. Tteis, the bands 
at 4 ^  and 540 cm"' may correspond to the bending mode of BO4 units which are 
weekly coupled to the boroxol ring and the doubly degenerate bending mode Vj o f  fted BO4
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(Figure 6) while the band at 500 cm”* corresponds to the in-phase movement of boron and 
oxygen atom of boroxol ring ( 0 3  in. Figure 1 ). At 300°C, the disappearance of 480 and 540 
(jn“* band indicates the destruction of BO4 units which are responsible for the appearance of
Figure 5. Temperature dependence Raman spectra 
ol cadmium borate glass in the system jcCdO, 
(l^x)B,0, for jr= 0.80.
Figure 6. Vibrational modes o( an isolated BO^ 
tetrahedron.
these bands in the Raman spectrum. With further increase of temperature, the mode 
(Figure 1) decreases in intensity, which is a clear indication of destruction of rings in which 
boron and oxygen atoms move in phase. Thus at room temperature (23®C), the network 
consists of BO4 units that are attached very weakly to the ring type structure. With the 
increase of temperature (<  300°C), the BO4 units are detached from the ring type structures 
and vibrate independently. As the temperature is further increased to 400°C, the destruction of 
BO4 units and boroxol rings takes place. Vibrational modes of an isolated BO4 tetrahedron are 
shown in Figure 6 . BO4 tetrahedra vibrate independently from the rest of the network. Group 
theory (for Tj point group) can then predict that there will be only four bands in the 
vibrational spectra corresponding to the modes Oi, O2, 1)3 and 04.
The Raman spectra of cadmium borate glasses containing 0.50 concentration of CdO 
at different temperature, are shown in Figure 4. The band located at 804 cm”' decreases in 
intensity as the temperature is increased, It clearly indicates the destruction of boroxol rings in 
the network of glass with the rise of temperature. The other bands show a marked broadening 
effect with the rise of temperature. The cadmium borate glass system containing 0.80 
concentration of CdO, shows a peculiar behaviour at 400®C (Figure 5). The room temperature 
spectrum shows a strong band at 926 cm . The band has been assigned to the totally 
symmetric stretching of B ^ ” bond of BO.f^ units in orthoborate groups [1]. In the 
concentodon dependence study [\] of this system, it has been observed that the Cd ions act
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as network modifiers in the compositional range 0.20 ^jr ^  0.70. At the concentration x =
0.80, the Cd ions are coupled with the NBO's resulting is the linked polyhedron which 
rearranges the glass network. At this composition, the network consists of large number of 
isolated orthoborate units ). The band located at 700 cm*^, indicates that some chain-
type metaborate units also exist in this network. With the rise of temperature, the band at 926 
cm~* (Figure 5) shows an abrupt decrease in intensity at lOOX. This band appears as a very 
weak broad band at 400^C. Other bands such as the weak bands at 510, 623, 700, 1220 cm ' 
totally disappear at 400°C. These bands arise due to the presence of different group containing 
NBO's. The disappearance of these bands with the rise of temperature, indicates that the 
groups containing NBO's are very sensitive to temperature; even the small rise of temperature 
results in the destruction of these groups.
Thus, the temperature dependence Raman studies of cadmium borake glasses indicate 
that the groups containing NBO's are very unstable and thus result in thei^ destruction with 
the rise of temperature. \
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